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7) ABSTRACT

The present disclosure relates to the display technology, and
provides an OLED display substrate, a method for manu-
facturing the OLED display substrate and a display device.
The method includes: forming pixel definition layer transi-
tion patterns with metal; and oxidizing the pixel definition
layer transition patterns to form an insulative pixel definition
layer.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY SUBSTRATE, METHOD FOR
MANUFACTURING ORGANIC
LIGHT-EMITTING DIODE DISPLAY
SUBSTRATE AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims a priority of the
Chinese patent application No. 201810845866.0 filed on Jul.
27, 2018, which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technology, in particular to an organic light-emitting diode
(OLED) display substrate, a method for manufacturing
OLED display substrate, and a display device.

BACKGROUND

[0003] Light beam generated by a top-emission OLED
may exit in a direction away from a base substrate. A
light-emitting area is not affected by a back plate with a thin
film transistor (TFT) driving circuit, so the top-emission
OLED has a larger aperture ratio, i.e., a larger ratio of the
light-emitting area to a pixel area, as compared with a
conventional bottom-emission OLED. Due to the larger
aperture ratio, a smaller driving current may be supplied to
the top-emission OLED as compared with the bottom-
emission OLED, when an identical brightness value is to be
provided, so it is able to prolong a service life of the OLED.
In addition, in the case of same luminous efficiency and
same light-emitting area, it is able to provide a display panel
having the top-emission OLED with a smaller pixel area,
i.e., it is able to increase a resolution of the display panel
when the top-emission OLED is adopted. Hence, the top-
emission OLED has currently become a research focus.

SUMMARY

[0004] In one aspect, the present disclosure provides in
some embodiments a method for manufacturing an OLED
display substrate, including: forming pixel definition layer
transition patterns with metal; and oxidizing the pixel defi-
nition layer transition patterns to form an insulative pixel
definition layer.

[0005] In apossible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns with
metal includes forming the pixel definition layer transition
patterns and at least a part of an anode with metal through
a one-step patterning process.

[0006] In apossible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal includes: forming a
metal layer; and patterning the metal layer to form a first
metal pattern and a plurality of metal banks arranged on the
first metal pattern, spaced apart from each other and defining
a plurality of pixel opening regions. The first metal pattern
is a part of the anode, and the metal banks are the pixel
definition layer transition patterns.

[0007] In apossible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal further includes, prior
to forming the metal layer, forming a second transparent
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conductive pattern. An orthogonal projection of the second
transparent conductive pattern onto a plane where the first
metal pattern is located coincides with the first metal pattern.
[0008] Ina possible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal further includes,
subsequent to forming the metal layer, forming third trans-
parent conductive patterns in the pixel opening regions
respectively.

[0009] Ina possible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal includes: forming a
metal layer; and patterning the metal layer to form a first
metal pattern including first portions of the anode and the
pixel definition layer transition patterns. The first portions
and the pixel definition layer transition patterns are arranged
alternately, and an upper surface of each first portion is flush
with an upper surface of each pixel definition layer transition
pattern.

[0010] Ina possible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal further includes, prior
to forming the metal layer, forming a second transparent
conductive pattern. An orthogonal projection of the second
transparent conductive pattern onto a plane where the first
metal pattern is located coincides with the first metal pattern.
[0011] In a possible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal further includes,
subsequent to forming the metal layer, forming third trans-
parent conductive patterns on the first portions. The oxidiz-
ing the pixel definition layer transition patterns to form the
insulative pixel definition layer includes oxidizing each
pixel definition layer transition pattern no covered by the
corresponding third transparent conductive pattern to
acquire the insulative pixel definition layer which protrudes
beyond the first portions to define the pixel opening regions.
[0012] In another aspect, the present disclosure provides
in some embodiments an OLED display substrate manufac-
tured through the above-mentioned method.

[0013] In yet another aspect, the present disclosure pro-
vides in some embodiments a display device including the
above-mentioned OLED display substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In order to illustrate the technical solutions of the
present disclosure or the related art in a clearer manner, the
drawings desired for the present disclosure or the related art
will be described hereinafter briefly. Obviously, the follow-
ing drawings merely relate to some embodiments of the
present disclosure, and based on these drawings, a person
skilled in the art may obtain the other drawings without any
creative effort.

[0015] FIG. 1 is a schematic view showing an OLED
display substrate after the formation of a second transparent
conductive pattern, pixel definition layer transition patterns
and third transparent conductive patterns according to one
embodiment of the present disclosure;

[0016] FIG. 2 is a schematic view showing the OLED
display substrate after the formation of a pixel definition
layer by oxidizing the pixel definition layer transition pat-
terns according to one embodiment of the present disclosure;
and
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[0017] FIG. 3 is a schematic view showing the OLED
display substrate after the formation of the third transparent
conductive patterns on first portions according to one
embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0018] A light beam generated by a top-emission OLED
exits at a side away from a base substrate, so an anode
located at a side adjacent to the base substrate may be made
of a high-reflective material, and a commonly-used reflec-
tive anode may have a structure of indium tin oxide (ITO)/
aluminium (AD/ITO, or ITO/argentum (Ag)/ITO. Currently,
during the manufacture of a pixel definition layer of a
top-emission OLED display panel, after the formation of the
reflective anode (e.g., ITO/AVITO), an organic material is
applied onto the reflective anode so as to form the pixel
definition layer. The pixel definition layer includes pixel
opening regions and bank regions. Usually, a manufacture
process of the pixel definition layer includes applying the
organic material, exposing, developing and curing. Each
pixel opening region is a region where the organic material
is removed, and each bank region is a region where the
organic material is reserved. Due to the formation of the
pixel definition layer through the organic material, a large
quantity of organic solvents needs to be adopted, resulting in
environmental pollution. In addition, the organic material
for forming the pixel definition layer is expensive, and the
manufacture process of the pixel definition layer is complex,
so the production cost of an OLED display panel may
increase.

[0019] Inorder to make the objects, the technical solutions
and the advantages of the present disclosure more apparent,
the present disclosure will be described hereinafter in a clear
and complete manner in conjunction with the drawings and
embodiments.

[0020] An object of the present disclosure is to provide an
OLED display substrate, a method for manufacturing the
OLED display substrate and a display device, so as to
simplify the manufacture process of the OLED display
substrate, and reduce the manufacture cost of the OLED
display substrate.

[0021] The present disclosure provides in some embodi-
ments a method for manufacturing an OLED display sub-
strate, which includes: forming pixel definition layer tran-
sition patterns with metal; and oxidizing the pixel definition
layer transition patterns to form an insulative pixel definition
layer.

[0022] According to the embodiments of the present dis-
closure, the pixel definition layer transition patterns may be
made of metal, and then oxidized so as to form the insulative
pixel definition layer. In other words, the pixel definition
layer may be made of an inorganic material rather than an
organic material. As compared with the related art where the
pixel definition layer is made of an organic material after the
formation of a reflective anode, it is able to reduce the
quantity of the organic material, thereby to reduce the
production cost and simplify the manufacture process. In
addition, it is able to reduce the quantity of organic solvents,
thereby to prevent the environmental pollution.

[0023] In apossible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns with
metal may include forming the pixel definition layer tran-
sition patterns and at least a part of an anode with metal
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through a one-step patterning process. In this way, it is able
to reduce the number of times of patterning processes for the
OLED display substrate, thereby to reduce the production
cost.

[0024] Inthe embodiments of the present disclosure, when
the OLED display substrate is a top-emission OLED display
substrate, the anode of the OLED display substrate maybe
made of a high-reflective material. To be specific, the anode
may be of a multiple-layered structure, such as a triple-
layered structure consisting of a transparent conductive
layer, a metal layer and a transparent conductive layer from
a top layer to a bottom layer (e.g., ITO/AI/ITO or ITO/Ag/
ITO). The transparent conductive layer at the bottom layer
of the anode (e.g., an ITO layer) may function as to increase
the adhesivity of an upper-layer thin film, an intermediate
metal layer may mainly function as to reflect a light beam
generated by an OLED, and the transparent conductive layer
at the top layer of the anode (e.g., an [TO layer) may mainly
function as to reduce a work function difference between an
electrode and a light-emitting layer of the OLED. In the
embodiments of the present disclosure, the pixel definition
layer may be formed through the metal layer (i.c., an Al
layer) of the reflective anode (e.g., ITO/AVITO) in the
top-emission OLED display substrate. To be specific, a part
of the metal layer may be oxidized through anodic oxidation
or thermal oxidization, so as to form a metal oxide layer. The
resultant metal oxide layer is insulative, so it may be adopted
to form the pixel definition layer. A non-oxidized portion of
the metal layer, as a bank for the pixel definition layer may
form the anode together with the upper transparent conduc-
tive layer (e.g., an ITO layer).

[0025] Ina possible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal may include: forming
a metal layer; and patterning the metal layer to form a first
metal pattern and a plurality of metal banks arranged on the
first metal pattern, spaced apart from each other and defining
a plurality of pixel opening regions. The first metal pattern
may be a part of the anode, and the metal banks may be the
pixel definition layer transition patterns.

[0026] Ina possible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal may further include,
prior to forming the metal layer, forming a second transpar-
ent conductive pattern. An orthogonal projection of the
second transparent conductive pattern onto a plane where
the first metal pattern is located coincides with the first metal
pattern.

[0027] Ina possible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal may further include,
subsequent to forming the metal layer, forming third trans-
parent conductive patterns in the pixel opening regions
respectively.

[0028] In another possible embodiment of the present
disclosure, the forming the pixel definition layer transition
patterns and at least a part of the anode with metal may
include: forming a metal layer; and patterning the metal
layer to form a first metal pattern including first portions of
the anode and the pixel definition layer transition patterns.
The first portions and the pixel definition layer transition
patterns may be arranged alternately, and an upper surface of
each first portion may be flush with an upper surface of each
pixel definition layer transition pattern.
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[0029] 1In apossible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal may further include,
prior to forming the metal layer, forming a second transpar-
ent conductive pattern. An orthogonal projection of the
second transparent conductive pattern onto a plane where
the first metal pattern is located may coincide with the first
metal pattern.

[0030] Inapossible embodiment of the present disclosure,
the forming the pixel definition layer transition patterns and
at least a part of the anode with metal may further include,
subsequent to forming the metal layer, forming third trans-
parent conductive patterns on the first portions. The oxidiz-
ing the pixel definition layer transition patterns to form the
insulative pixel definition layer may include oxidizing each
pixel definition layer transition pattern no covered by the
corresponding third transparent conductive pattern to
acquire the insulative pixel definition layer which protrudes
beyond the first portions to define the pixel opening regions.
[0031] In apossible embodiment of the present disclosure,
as shown in FIGS. 1-2, the method may specifically include
the following steps.

[0032] Step 1: as shown in FIG. 1, an ITO layer may be
deposited as the second transparent conductive pattern 1
through a magnetron sputtering device, and the metal layer
(e.g., an Al layer) may be deposited through the magnetron
sputtering device and then patterned to form metal layer
reserved portions and metal layer partially-reserved portions
6. Each metal layer reserved portion may form the bank
protruding beyond the corresponding metal layer partially-
reserved portion 6. The metal layer reserved portions may be
adopted to define the plurality of pixel opening regions and
serve as the pixel definition layer transition patterns 2.
[0033] Step 2: as shown in FIG. 1, an ITO layer may be
deposited as the third transparent conductive pattern 3 in
each pixel opening region defined by the pixel definition
layer transition patterns 2. The second transparent conduc-
tive pattern 1, the metal layer partially-reserved portions 6
and the third transparent conductive patterns 3 may together
form the anode of the OLED display substrate.

[0034] Each metal layer partially-reserved portion 6 and
each third transparent conductive pattern 3 may be merely
arranged in the corresponding pixel opening region. The
second transparent conductive pattern 1 may be separately
arranged in each pixel opening region, or it may, as a whole,
correspond to the plurality of pixel opening regions and the
pixel definition layer transition patterns. When the second
transparent conductive pattern 1 corresponds to the plurality
of pixel opening regions and the pixel definition layer
transition patterns, a cathode of the OLED display substrate
shall be separately arranged in each pixel opening region
rather than as an entire surface, so as to separately drive a
light-emitting layer in each pixel opening region.

[0035] Step 3: as shown in FIG. 2, each pixel definition
layer transition pattern 2 may be oxidized to acquire an
insulative metal oxide layer as the pixel definition layer 4.
The pixel definition layer 4 may define the plurality of pixel
opening regions.

[0036] Each pixel definition layer transition pattern 2 may
be oxidized through, but not limited to, thermal oxidization.
The oxidization of the metal layer is known in the art, and
thus will not be particularly defined herein.

[0037] According to the embodiments of the present dis-
closure, the pixel definition layer transition patterns may be
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made of metal, and then oxidized so as to form the insulative
pixel definition layer. In other words, the pixel definition
layer may be made of an inorganic material rather than an
organic material. As compared with the related art where the
pixel definition layer is made of an organic material after the
formation of a reflective anode, it is able to reduce the
quantity of the organic material, thereby to reduce the
production cost and simplify the manufacture process. In
addition, it is able to reduce the quantity of organic solvents,
thereby to prevent the environmental pollution.

[0038] In another possible embodiment of the present
disclosure, as shown in FIGS. 2 and 3, the method for
manufacturing the OLED display substrate may include the
following steps.

[0039] Step 1: as shown in FIG. 3, an ITO layer may be
deposited as the second transparent conductive pattern 1
through a magnetron sputtering device, and the metal layer
(e.g., an Al layer) may be deposited through the magnetron
sputtering device and then patterned to form a metal layer
pattern consisting of the first portions 5 and the pixel
definition layer transition patterns 2 arranged alternately.
The first portions 5 may form a part of the anode, and an
upper surface of each first portion 5 may be flush with an
upper surface of each pixel definition layer transition pattern
2.

[0040] Step 2: as shown in FIG. 3, the third transparent
conductive patterns 3 may be formed on the first portions 5
respectively. The second transparent conductive pattern 1,
the first portions 5 and the third transparent conductive
patterns 3 may together form the anode of the OLED display
substrate.

[0041] Each first portion 5 and each third transparent
conductive pattern 3 may be merely arranged in the corre-
sponding pixel opening region. The second transparent
conductive pattern 1 may be separately arranged in each
pixel opening region, or it may, as a whole, correspond to the
plurality of pixel opening regions and the pixel definition
layer transition patterns. When the second transparent con-
ductive pattern 1 corresponds to the plurality of pixel
opening regions and the pixel definition layer transition
patterns, a cathode of the OLED display substrate shall be
separately arranged in each pixel opening region rather than
as an entire surface, so as to separately drive a light-emitting
layer in each pixel opening region.

[0042] Step 3: as shown in FIG. 2, as shown in FIG. 2,
each pixel definition layer transition pattern 2 may be
oxidized to acquire an insulative metal oxide layer as the
pixel definition layer 4. During the oxidization, an oxidiza-
tion parameter may be adjusted so as to increase a thickness
of the pixel definition layer transition pattern 2, and enable
the pixel definition layer transition pattern 2 to protrude
beyond the corresponding first portion 5. The pixel defini-
tion layer 4 acquired after the oxidization may define the
plurality of pixel opening regions.

[0043] Each pixel definition layer transition pattern 2 may
be oxidized through, but not limited to, thermal oxidization
or anodic oxidization. Anodic oxidization parameters may
include, but not limited to, oxidization time, voltage and
current. The oxidization of the metal layer is known in the
art, and thus will not be particularly defined herein.

[0044] According to the embodiments of the present dis-
closure, the pixel definition layer transition patterns may be
made of metal, and then oxidized so as to form the insulative
pixel definition layer. In other words, the pixel definition



US 2020/0035767 Al

layer may be made of an inorganic material rather than an
organic material. As compared with the related art where the
pixel definition layer is made of an organic material after the
formation of a reflective anode, it is able to reduce the
quantity of the organic material, thereby to reduce the
production cost and simplify the manufacture process. In
addition, it is able to reduce the quantity of organic solvents,
thereby to prevent the environmental pollution.

[0045] The present disclosure further provides in some
embodiments an OLED display substrate manufactured
through the above-mentioned method.

[0046] According to the embodiments of the present dis-
closure, the pixel definition layer transition patterns may be
made of metal, and then oxidized so as to form the insulative
pixel definition layer. In other words, the pixel definition
layer may be made of an inorganic material rather than an
organic material. As compared with the related art where the
pixel definition layer is made of an organic material after the
formation of a reflective anode, it is able to reduce the
quantity of the organic material, thereby to reduce the
production cost and simplify the manufacture process. In
addition, it is able to reduce the quantity of organic solvents,
thereby to prevent the environmental pollution.

[0047] The present disclosure further provides in some
embodiments a display device including the above-men-
tioned OLED display substrate. The display substrate may
be any product or member having a display function, e.g.,
television, display, digital photo frame, mobile phone or
flat-panel computer. The display device may further include
a flexible circuit board, a printed circuit board and a back
plate.

[0048] According to the embodiments of the present dis-
closure, the pixel definition layer transition patterns may be
made of metal, and then oxidized so as to form the insulative
pixel definition layer. In other words, the pixel definition
layer may be made of an inorganic material rather than an
organic material. As compared with the related art where the
pixel definition layer is made of an organic material after the
formation of a reflective anode, it is able to reduce the
production cost, simplify the manufacture process, and
prevent the environmental pollution.

[0049] In the embodiments of the present disclosure, the
order of the steps is not limited to the serial numbers thereof.
For a person skilled in the art, any change in the order of the
steps shall also fall within the scope of the present disclosure
if without any creative effort.

[0050] Unless otherwise defined, any technical or scien-
tific term used herein shall have the common meaning
understood by a person of ordinary skills. Such words as
“first” and “second” used in the specification and claims are
merely used to differentiate different components rather than
to represent any order, number or importance. Similarly,
such words as “one” or “one of” are merely used to represent
the existence of at least one member, rather than to limit the
number thereof. Such words as “include” or “including”
intends to indicate that an element or object before the word
contains an element or object or equivalents thereof listed
after the word, without excluding any other element or
object. Such words as “connect/connected to” or “couple/
coupled to” may include electrical connection, direct or
indirect, rather than to be limited to physical or mechanical
connection. Such words as “on”, “under”, “left” and “right”
are merely used to represent relative position relationship,
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and when an absolute position of the object is changed, the
relative position relationship will be changed too.

[0051] It should be appreciated that, in the case that such
an element as layer, film, region or substrate is arranged “on”
or “under” another element, it may be directly arranged “on”
or “under” the other element, or an intermediate element
may be arranged therebetween.

[0052] The above embodiments are for illustrative pur-
poses only, but the present disclosure is not limited thereto.
Obviously, a person skilled in the art may make further
modifications and improvements without departing from the
spirit of the present disclosure, and these modifications and
improvements shall also fall within the scope of the present
disclosure.

What is claimed is:

1. A method for manufacturing an Organic Light-Emitting
Diode (OLED) display substrate, comprising:

forming pixel definition layer transition patterns with

metal; and

oxidizing the pixel definition layer transition patterns to

form an insulative pixel definition layer.

2. The method according to claim 1, further comprising:

forming the pixel definition layer transition patterns and at

least a part of an anode with metal through a one-step
patterning process.

3. The method according to claim 2, wherein the forming
the pixel definition layer transition patterns and at least a part
of the anode with metal comprises:

forming a metal layer; and

patterning the metal layer to form a first metal pattern and

a plurality of metal banks arranged on the first metal
pattern, spaced apart from each other and defining a
plurality of pixel opening regions,

wherein the first metal pattern is a part of the anode, and

the metal banks are the pixel definition layer transition
patterns.

4. The method according to claim 3, wherein forming the
anode further comprises, prior to forming the metal layer,
forming a second transparent conductive pattern, and an
orthogonal projection of the second transparent conductive
pattern onto a plane where the first metal pattern is located
coincides with the first metal pattern.

5. The method according to claim 3, wherein forming the
anode further comprises, subsequent to forming the metal
layer, forming third transparent conductive patterns in the
pixel opening regions.

6. The method according to claim 2, wherein the forming
the pixel definition layer transition patterns and at least a part
of the anode with metal comprises:

forming a metal layer; and

patterning the metal layer to form a first metal pattern

comprising first portions of the anode and the pixel
definition layer transition patterns,

wherein the first portions and the pixel definition layer

transition patterns are arranged alternately, and an
upper surface of each first portion is flush with an upper
surface of each pixel definition layer transition pattern.

7. The method according to claim 6, wherein forming the
anode further comprises, prior to forming the metal layer,
forming a second transparent conductive pattern, and an
orthogonal projection of the second transparent conductive
pattern onto a plane where the first metal pattern is located
coincides with the first metal pattern.
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8. The method according to claim 6, wherein forming the
anode further comprises, subsequent to forming the metal
layer, forming third transparent conductive patterns on the
first portions, and the oxidizing the pixel definition layer
transition patterns to form the insulative pixel definition
layer comprises oxidizing each pixel definition layer tran-
sition pattern no covered by the corresponding third trans-
parent conductive pattern to acquire the insulative pixel
definition layer which protrudes beyond the first portions to
define the pixel opening regions.

9. An OLED display substrate, comprising:

an anode of a multiple-layered structure;

pixel definition layer transition patterns made of metal;

and

a pixel definition layer acquired after oxidizing the pixel

definition layer transition patterns.

10. The OLED display substrate according to claim 9,
wherein the pixel definition layer transition patterns and at
least a part of the anode are made of metal.

11. The OLED display substrate according to claim 10,
wherein the pixel definition layer transition patterns and the
at least a part of anode comprise a metal layer, the metal
layer comprises a first metal pattern and a plurality of metal
banks arranged on the first metal pattern, spaced apart from
each other and defining a plurality of pixel opening regions,
the first metal pattern is a part of the anode, and the metal
banks are the pixel definition layer transition patterns.

12. The OLED display substrate according to claim 11,
wherein the anode further comprises a second transparent
conductive pattern, and an orthogonal projection of the
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second transparent conductive pattern onto a plane where
the first metal pattern is located coincides with the first metal
pattern.

13. The OLED display substrate according to claim 11,
wherein the anode further comprises third transparent con-
ductive patterns arranged in the pixel opening regions.

14. The OLED display substrate according to claim 10,
wherein the pixel definition layer transition patterns and the
at least a part of the anode comprise a metal layer, the metal
layer comprises a first metal pattern consisting of first
portions for forming the anode and the pixel definition layer
transition patterns, the first portions and the pixel definition
layer transition patterns are arranged alternately, and an
upper surface of each first portion is flush with an upper
surface of each pixel definition layer transition pattern.

15. The OLED display substrate according to claim 14,
wherein the anode further comprises a second transparent
conductive pattern, and an orthogonal projection of the
second transparent conductive pattern onto a plane where
the first metal pattern is located coincides with the first metal
pattern.

16. The OLED display substrate according to claim 14,
wherein the anode further comprises third transparent con-
ductive patterns; the pixel definition layer transition patterns
are insulating oxides, after is oxidized protrudes beyond the
first portions and defines the plurality of pixel opening
regions.

17. A display device, comprising the OLED display
substrate according to claim 9.
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